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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a CMOS transistor 
which can satisfy requests for miniaturization and high 
reliability, and its manufacturing method. 
SOLUTION: Buried channel PMOS transistors are used only 
for high voltage CMOS transistors 100B. In a low voltage 
NMOS region LNR and a high voltage NMOS region HNR, 
surface channel NMOS transistors are formed, and in a low 
voltage PMOS region LPR, surface channel PMOS transistors 
are formed. 
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(57) [Bffl] 

SS£ENMOSfil*jEHNRlJ:ftV^Te, 
ONMOSh7V^^JJWStl, fiiEPMOSS 




SBKONMOS b7isi?x*teXXf%l<»P 

MOS 

i2(DNMOS h^VS^^&^tf^^PMOS 

flfjE®2tf>NMOS h7^^^*5J:^«n2^20PM 
OS h7^^^«:^fL^tiBfIfB®l^NMOS h^>- 

J; trttiE*i copmos h?:/^** J; 9 fcSb 
BjJE*2<E>PMOS h^v^**!*, WIB^frStErt 

iWE»10NMOSh?y^, ffiFE^l^PMOS 
h7^v > ^^*5j:U^rfB^20NMOS Y*9W*9 

aft^/noMos h?^* 

Mo 

me* 2 <d pmo s««©«na¥»*fiiR©*ffi±^a 
[§a*3S3] nijEiauppsy-* • Kwyiit, 

lStOPfia^^^ys/g^jasrfftp, it#H2E«o 
OS h7V^^joJ:t;il(0PMOS h 9 

Mf&t%tc$>(D% 1 ONMO Sfttttt cfctfgl 1 OPMO 

S««Sr«£U »E»l<0NMOSh?y^J:!l 
fcKf£®ffi#ii5v^2<ONMOS h5^^^Sr»jai- 
5fc60jB20NMOS««*5j:i;, flUE»l<DPMO 

S h?v^**<fc 9 t>3&fWOSigv^2<£>PMOS h 
&Ml&-rZ>1Z#><D$$ 2WPMO S««Sr«Jg 

-raxst, 

( b ) taia» 1 ONMO S ^Sc*5i: tffifiE® 1 <0 PMO S 
*«fc»l©y--hlftaW*»lftU 8tfE&2CDNMO 

s fitt *s x twtjiefg 2 co p m o s ® utrESi i © y- 



(c) S2opmos fl«oMe¥^S4fioSS rt ic Jt 

(d) S»E»l*J:tf»2oy-hl6|ttH±^ N2PF*fi 

( e ) atrial lWPMOS ®#<0ffl[E#$MSfi V ^yg 

K <d h p S^Fiffi® * It tfctosssar « Ai- * xe t , 

$l<0NMOS$tf£, 8ifESSl<BPMOSg« % StjE® 
2 (ONMO Sffi«i3 AOWEM 2 © PMO S««lC«l 
tffty-h«««r»rt+axa*, 

os h7^^^t;iioPMOS b9>&x*t: 

Mf8frZ>1t$><Om 1 ONMO S««*5 At/» 1 <D PMO 

SWtrilttl, iSBSlONMOS h?^^#J:9 

«fcft(0»2 0NMOS««l3j:tf, fflfESIlOPMO 
S b9>i?XirX9 t»^«iaE^iUV^2(DPMOS h 
5 Sr»j*i-*fc»o»2 (OPMO S 

■rs xg£ ( b ) fltnam i <£>nmo site i tffitrE& i 

OPMO SSWEln* l ©y- MKtUHrMU SiffB^ 

2 WNMO S««i3 iOWE* 2(OPMO SflttlCflftE 

jsi-sxst, 

( c ) K 2 co p mo sttttroflMB¥*#£tt0>SSrt »c Jt 
$fctoffiffia<£> P SPFfcfiWg Sr«rti-a xe i \ 

( d ) 8ifE!& 1 *i J; T/SS 2 tf> y- h imm±\c % 7lt«<r 

(e) IWB»l©NMOS««, «!E»l^PMOS® 
^> WE»2 0NMOS««*5j:tf«rE!B2 0PMOS 

OSflU, ME»10PMOS««, tftE^2 0NMO 

s a«E*3 i xm&$& 2<oPMosmm^ti^ti^-b 

WltrVrtU L^titrE*ioPMOS««fc«j«$ 

n^y-hmffiic, Pa^F*fi^Srit«Wifi«ft^» 2 O 
StlE^l^PMOS bJyifxf&fttfkt z>y—x - K 

[89**8] IWBXS(f)tt» 
fttJESB l co PMO S W#vW»*tt*i' 9 = ^ifc, 
Pffl^>B**l»E«2 0»*'rWALfca, BflE^*^ 
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StflB^lcONMOS^. BftlBgn tf>PMOS«$, 95 
ESS 2 <£NMO S««& £t«W3* 2 CO PMO S$!*gctf> 

imxmi i] (g)»E*»«*^y3yRt/^- 
|c l *f(D^*r >jb 5 xa* s e>fc« 

(fnaxaum, 

**^VS/s>«fc#/*lN5Xa*:*tN »#B5*fc 
[l&jftSCl 2] (g)(»B**ttii^9 3^K*^- 

«tflSXg(g)^ 

BfifB^i<oPMos««ic^$n^, stray- hmn 

vjf £ffrf2SS 1 OPMO StMt^ttE^^Xtt^iE 

[000 1] 
[0 0 0 2] 

[«*©«£«] Nft^MOSFET NMO 
Sh7^^^^P?») tPft^MOSFET 

PMOSh7^^i:W) tSrtt*-&b*rffl 
V^SCMOS (Complementary M0S) h 7 <Dj& 

mz&^xtt, NMOSh7^^^j:i;pMOSh 

[0 0 0 3] hM&0. 25^0. 35MmC0MO 

^•r^SSrteffl u PMOS h^v^^(cwtffl«>ji 

w^tityy (p) *SAUt#!; ayttta 

LTV>fc 0 



[0004] l*»u aasortttic^-v^srjeja-fa 

mtt>m^<, Bt^"Ctt, NMOSh7^^tPM 

OS h9^^*t>*B^--r*^l!SrttfflU NMOS 
&&AU PMOS Y7>Vx#<D>?-YWmc\t^%i 
^#HRftl:ft9oo*8, ft*5, x^T/vy-hT'n 

[0 0 0 5] fa7/^ h^n-fe^-Cf^, y-hmS 
[0 0 0 6] L^Lft#&, ^ffi^-y^/vS-C^:, ^-y 

sine**, *ir»r«).»»**«Ti-a'BriBtt^*> 

(NBT I : Negative Bias Temperature Instabilit 
y) 0>fiT#*LV\ 

[0007] ^m^^nrnxm^r z&m 

S5ttE«B©h9^^^0±5l^ »f£1&E<D&ftS« 
fta4&3>as£l\, 

[0 00 8] <»lWft*fl>*f, B3 0^B3 8*r 

/flv>-c\ ^y^y- h^nt^CO-Wt Lt, CMO 
S h9fi?a# 7 OA^il^CMOS h5fi?xf 7 0 

ffi;®ff*fj£tf>CMOS h5>i?x*7 0 A*5J;WB 

X8SrR9H"<5B3 8fc*5l^C*Sjh,S. 
[0 0 0 9] *i\ B3 0lc^-TJ:5l-> ^UavSfi 
1 0O«BA^3R^MiaiHH2 OtafcttlOftfcL 

t\ (smffiNMos hy^^^^itmuBEPMos 

h ? * Sffi^jBENMO S^Sc L N R*$<fc 
tffifflEPMOS««LPRSrft3E1-ai:tt^ KB 
ENMOS h9:'$****5«fct/ii5fiEPMOS 
^^«T*rt1-ai«ttENMOS«*HNR*5J:t/SSaE 
PMO S^ScH P R**3£i-6. 

[0 0 10] *LT, ffiSBENMOSlH«LNR:fcJ;tf 
R«BENMOS«<jEHNRlCifrt:LT, i/y=i^Sffil 
0 <D$tm P «r A/« P •> ^>\<ffl& P W Sr , 

fitffPMO S®«L P RteXXtmUB PMO S^JSEH 
»Sr-&A/tfN!>^u««NWSr«rt-r«. ft*3> WTO 
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So 

[001 1] £<bK> ^d^^sei o_b<^(smHNM 

O S L N R*5 Xtmnfc P MO S «ttL P R±tf>£ 
NMO SgiSHN R*5 <fctm®EEPMO S®«cH P R_L 

^»{t&^0>»#B8?# 0 . 5 - 3 n mga fc ft 5 <fc 5 
'MO&gKJPrtS 3 - 1 0 nma«ift5J:5lwK3e*ll 

So 

[0 0 13] -t LT, ffilffiPMOSH«cLPR*5<J;tf 
S5UEPMOS^HPRt^it^v/y a^SEl 0(D 

afflrtfc* pa^ttSr^^^ttAlciOltttWffift* 
(P-) K*ALT«*^»»JB3 0*r»*i-*. ft 

-f) fcift/^^y^fcj:!), BSJBEPMOS^igEH 
PR±«K^SrU^ h^^^Rl"CBv\ il&flffiPM 
OS««HPR(cpfi^F^6<»W*>'ftAU■CV^**ttl 
Sr^LTI^S. |Rj«<DXSfc:J:!K ffi«J3EPMOS®« 

LPRfc&ttS^y ayiSfil 0(OSffirtl:PSWi 
£gA U (EAtt?>B«JB 3 0 
[0014] ftlC, g|31 IC^-fXglCfcl^ 

x£Kl 0 Affile, 3^85 OftBRi" 

[ooi5] Wc, 0 3 2fc^fxgfc::*5vvc. #JMg 

ffi!BENMOS««LNR*5j:l/(S«EPMOS 
««LPRlC*5V^TW:^h««5 1 iUSffiNMO 
S flffH N R ft X XfJK9EE P M O S fiftfiH P R tC*5l^C 

[0 0 16] B3 3tC^-fXg{C*Sl>-C, (SUE 

PMOSfl^LPRfcfcttSS'y ^StEl OOSSft 

(P~) KgALT, l»^^r^gy@6 2^ 

!9{&mff PMOS««LPR±ttK*&U'S*;* h^** 
R2"C«V\ y-hli5 1£&A^**£ L 

T, fiWEPMOSfii^LPRJCPfB^MttSr-f^tt 
AL-Cv^attHBSr^Lrv^. 
[0 0 17] l$t<D*# Krai's yS6 2tty— h« 

ffi 5 1 <0T»<D<5»S**S«WI 3 0 fclHteRA/'TWftl- 
S<fc5KffiR£*VO>S 0 ffiKft7MftJB3 

oratory =^s«i o^fli«^ir*/^««tft 

So 



[ooi8] rr-c, x^f^ 3 y@^ ttKUKA 

Sftsy-*- KW^SS<t9fc»v^-&tft5J: 

[0019] 0 3 4 tt, ^r^3 V®Sr 

^U^OXa«r^Ur*5 0, fiSJENMOS^L 
NR»J:tfi(ttENMOS<l«HNROS/J ^yg&i 

^ALT, lStCD^^r^a V/I 6 1*5*1*6 3*5 
IStlEPMOSfWLPRfciWiSBffiPM 
OS^«cHPRcoi/y ^ygfii Otf>^®rtl£tt, PS 
*J«fe£W:tfcW{Efig (P") K^ALT, 
^x^ryv3y§6 2*3*1*6 4#7#j££)h/r^ 

[0 0 2 0] ItfOsj'X^yi'a Vjg64lt, 

€:SS^j(36#il 3 0 SrWfc»A/"CV^ 0 

[0021] 034*2, y-bmss i*>*t*5 

[0 0 2 2] H3 5lC^-fXSlC*5V>T, IfijR 

gOXlM- MBS 5 1*5*1*5 2 0>9mU<DWZ& 

S*?!;:, y-h®®5 i*5*i*5 2 0±m5*t*e/y 
3 ^SS 1 ±<nimmo X 1 £ >y?yy\z£>) 

hsss i*5it«B«(ft«iiS7 oTat?ttftv>y-h*& 

^4 l bNtt'SJt* ^- hm®5 2«J:tfflia«flHR 
7 0TSt>*^ftv^y- hMHK4 2t>»S$»t6. 

[0 02 3] H 3 6 iC^-f XglC^T^KSUS 

«fc -~ «t 9 ffiSJE PMO SfiK L P R± 

SSK^SrU^ h^^^R3"CSv\ y-hm® 
5 l*5j:t/W^«SIK7 0^aA^^^^L"C, ffiSff 
PMOS®«L PRlc PS^Htt&JtttftiRaA 

(p*> ic-r^-^aAu ^y =>>-s«i o(ommft\z 

So 

[0 0 2 4] @3 7it «-^«cicy-^ • Ku-f yJBt 

*3«ti;ii5mffNMOs^HNR^^y ^ys^i o<o 

SSrtlc« v N®^ttfeSrtt:ti»ii5»« (N + ) ic^A 
Lr, lfcteoy-*- K^vJBs i*3J:tf8 3^*j*- 

$tt, fimJEPMOS^iacLPR*5j:t/S5®fiEPMOS 
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4&£*6fcftffi«£ (P*) Ic&ALT, l»oy^. 

[0 0 2 5] 0 3 8 lC^i-xmic:*3^T, ^>P3 

yIffiioo4ffi*a5J:5lC3^/uh (Co) ^oiis 

■UK*JMfc*/<y*!J ^^ffi^lCct?)^L, 3 50 
-6 0 O'CcDi^mtoSlw.tO, sVlfil 0tf>Bffl 
ffi^, y-h«ffi5l*3J:055 2^8IWffitBSBW5^Ja 

icKWfiattf 5r4:-e, =»/<A^hf KK (CoS 
i 2 ) 9 0Sr^LT> B 3 8 ld*1"ffi:f|E»JSt:oCM 
OS 7 0 A&J;tfiiStffi#£cOCMOS h 

[0 0 2 6] H3 8IC*5V^T. etEPMOSiScLP 

ENMOS««LNR43iWS5«ENMOS««HNR 
KfcVvtf*. *ffl^ *JM'S!0>NMOS 
»ja**l"CV^5 0 I«>Mft^/*PMO 

[0 0 2 7] <JB 2 039~047£r 
m^X, 7ar;^h^nt^©-«tLT, CMO 
S h?^** 8 0 A*5«fctfCMOS 8 0 

ffi®E*N£<DCMOS h?^** 8 0 A*5«ttW( 
®E»CMO S h 7 8 0 B«tt, ftK 

Xg£ffclK1-£04 7K;fcV>T^£ft5o fc*VH3 0 
-03 8 4rfflv^rRWLfcfi«E«->S:oCMOS hyv 
7 0A^ctt;il5®£^JC5OCM0S h^Vi^** 
7 0 B «)»3i*8fe t IS C«/St;:ol>Tf*H Cft^Srtt 

[0 0 2 8] 0 3 9iC^-f-* i/JInyifi 

1 0±©ffi«fiENMOS««LNRj3it«S«£EPMO 

s«ttLPR±<D£BBfc* > V a ^IHbKV^IASH-C 

^Sfil 0©H5«CNMOSfil«HNR*5j:t;Ka£EP 
MOS««HPR±^SBfctti/y a ^»{bK«0|ft3BtR 

-ewjssftsy- hitfe&K[4 2 

[0 0 2 9] *LT, i/JaygSl O^ffilC, 

>K5 0 Att*tt«&£A/^fcl\ 
[0 0 3 0] Rfc, 04 0lC^-fX@Ul:ioVv"C, 

ZtX. ffiSEENMOS««LNR*5J:tWftflB£PMO 
S««LPRlC*5V^Ttty-h®K5 1 A*. KfiEN 
MO S ®«cH N R *5 J: t/iSUE P M O S P R 



[003 1] RtC, 04 1 iCTF-fimtCjoV^ 

JSIc J:*/^-5svyfc J: OteSJEPMO S««L P R 

±»«*«r u^* h-^**R2-cav\ y- hm 

®5 1 ASt^A^*** LT, fi®EPMOSS4ELP 
RlC:fctt£i/y =»yg«i OO^ffirtlC, P3[5F»»«r 
^^vaAli^OittiWfififfi (P-) l:iAlt, 1 

[0032] 042ft, *|«i:xnf^9yBi 

J&jfcLfc&Kl, y- hfitS5 1 A*3<fctf5 2 ACOfiJ^Sr 

ic, ^i;3^bK^^i&Moxi^^$^«si 

[0 0 3 3] rc£&, 04 3(C^+Xg|C*5V^T, tfift 

JC»SJ:5^ y— h«fi5 1 A*5<fctf5 2 AG>±«H8 
itf^9 3y«Kl±©l6»|lOX 1 fcftJMfcnyf'^ 

yici9»*Lr, mmmi7otr)RAi-s. 

*, y-h«tt5 1A*5J:t«II««aiH7 0-C8t>*tft 

^y-M&n«4 1 t>»*s*w y-h««5 2A*jj: 
twwH«««7 o-e«fc*v«v^y-M6aaR4 2t»* 

[0 0 3 4] fcic, 0 4 4 i^i-xe^^T^SStHK 

lC±5^-=>yicJ:9(S«EPMOS««LPR± 

5 1 A*5«tl«WS»aJK7 OfcifeA^** t Lt\ fl£® 
JEEPMOS««LPR(CPa5p»»SrJtttttiS5«fl[ (P 
+ ) l^^ySAU ^j3ySfiioo*iBrtlci» 
<oy*-x- Ku-rvJi 8 2 y- 

hSffi5 1 AlctPS^Fttft^AStt, ii^^rVV 
3^6 2©Ml$i:Wt, y-hig5 1A(j;y- 
KKy@8 2 ^gS^PS^^A/^ 

y- hrnns 1 2At<c§ 0 

[0 0 3 5] fcfc, 04 SlC^lTXgUl&^T, HS®E 
PMO SjflttH P R±S8K^«r US** hv^^R4Tffi 
V\ *fc, y-h««5 2A«J:t«ll«»BW7 0S:tt 

A^^^^tr, S®£EPMOS«*HPRlCPa^*8 
^Srit«Wi^SS (P + ) Ic-T^-vaAL, ^D^yg 

-r^o rcDirt, y-h««5 2AictPS!5F»e*tf» 

-bmffi5 2Afty-^- K ^ VJB 8 4 t n«*K± 

<o pm^n^^hity- vwm 5 2 2 a t 

[0 0 3 6] iRltSIC. MENMOSSaLNRfcW 
ffiQ£ENMOSffittHNR(Cd3ltSy— ^ • KWVJB 
8 lJa±t^8 3 0»rtlcBL-C, y-h®ffi51A^«t 
2AICNS^M*Sr»AU ^^^r^^a^6 

4 iraa*K±ONS!5F>BftS:^A/^ y- hSS 5 1 

1 AiSit/5 2 1 AttZo 



[0 0 3 7] S^WSlcy-*- KW^gS: 

^bfcftJ&£^LT*5»K (SiaffNMOS^SLNR 
:fc£tfig^NMOS®JgmNR(D>'!J ^^Ml 0<D 
affirtldtt, N£7J^fr)tttftffi&£ (N*) IC^A 

&$tl. PMOS^J&LPR&cfcUWlffiPMO 
S^&HPRO^JJ nyMl OO^ffiftKtt, PS* 

*6&£*t©tti§5»& (P + ) ic^ALT, l*ttf>y~* 

[0 0 3 8] &lC, 04 7|d^-fXSIC^VNT, =» 

>-g«l 0o£ffi£$g5£?l;::^wh (Co) ^coB 

■*AJMt^/<y#!>v^«6»KJ:D»rtU 3 50 
-eoo^KM^lCctD, > !> 3 vg« i o (DSW 

y-hm&5 1 1 A, 512 A, 52 1 A*3<fcT/ 

5 2 2 A<DBfflffitSS»j«&JBKt<o««a5>tcvy* 

a^hVDWKK (CoSi 2 ) 9 0£7g$LT, 

ffiiff^ocMos h7^^i? 8 o AtexvmmB. 

»CMOS h7^i? 8 OB^^tl^o 

[0 0 3 9] <*3©«*«>RIC. 04 8-05 l£ 
/J^T, CMOS h7^^80A*Jj:t;CMOSh 
yW*9 8 0 BSr^-rS^frKB^ffiojJaS^ifeic: 

OV^TKW1-a. &*3, fiiJE^CMOSh7>^ 
8 0 A*3j:t/B®E^^CMOS h7^^8 
OBcoffi^, 04 7K^Lfcfc(fl£l3£-Cfc5<D'? x 
H*tt««rt-S. B3 0Ha3 8SrflJVvCRWL 

fd&mffitfJfcOCMOS h9>^** 7 0 A*5<fct/?!5fa; 

iE^^cMo sh7 v ^ ^ 7 0 b (osm^mt m c 

So 

[0 0 4 0] *1\ 04 8 fc*r«fc 5 id, >/-hJ6gdK 
4 l*5J:tM 2<0£ffilC, **«*i/y 

EK-fSo :©#«Bfft'>y3yB5 0Att3F*l*«r4 

[0 0 4 1] ftfc, 04 9iC^i-XeiC*3V>-C, 
XKIC£S/**— ~V^|Cj:94&^NMOS£%LNR 
±tti3 £ i^SJENMO S ®J§EH N R±*S«* £ u 

ffl^««t>f*^aEAlcJ:9tt«Wj«5»* (N + ) lc£ 

alt, Ni^mvy ny§5 1 i*3«ti;5 2 1 

[0042] 05 otc^l-xgic:*3v>T, ^-MM 

mz i: 5 /n-* - = ^ ^ \c x v isms p m o s m*& L P R 

ffl3FI«*«r-f *yflEAlc J: 0 (P*) icW 

ALT, PfiO#»8ft^y 1 2*J;lF5 2 2 

[0 0 4 3] 0 5 liC^XglCfc^T, #¥*S 



6i/!l3yJ85 1 1, 5 1 2, 5 2 l*3j;tf5 2 2 £^ 
KSURfc: J; »)^^^-y^t5wi:f, (SmffNMOS 
®«£ L N R *S J: tm®JE P M O S m%L L P R I £ *> V * T ft 
USS 5 1 1 A*$J;l/5 1 2 A£, B5®ENMOS 
^HNR^<fct/igmffiPMOS®^HPRlC^V^T«: 
y-hmffi5 2 1 A*5j;tf 5 2 2 A£?&£1-£ 0 £ilft 
tt, 04 1-0 4 7&fflVvtttWLfcXS*rB-c, 04 

7lC^Lfc&®ffiftftCQCMOS h7^^80Afc 
iU^SJE^JScDCMOS h9Vv>;**8 0BcDfl?j££ 

[0 0 4 4] ft**, 04 8-05 1 SrfflV>TKW LfcK 

3g*j£jc^ntf, y-h®ffi^<o/FJK%^^A«, y- 

Ai:^"CO^FjK^A?& 5 -e$^v^-e, 04 8-05 

i fc*i«jic****» t ft a. 

[0 04 5] 

CMOS h9v^** 7 o a*5J:i;cmos b^y^ 

*7 0Btt, (£®EPMOS®«LPR*3j:t/^mffiP 

mos^hpri^^tis, ■r*A'fflG>p 

MOS h9>^**«r#U ffitffNMOSflKLNR 
j3±tffl5aEENMOSfiB«HNRtei3V>-CH:, 
^yvSONMOS h9>^*^£#LTV>5rtS, jgg>& 

k^imm&hitzo 

[0046] cmos h7^^8 0A^j;r; 

CMOSh7^^8 0Bll NMOSh7^^ 
fcPMOS h5^y^^fc«B^ir^H!-C*>9, 

T-*\ NBT I OfiTOWJB^fcofc. 

[0 04 7] #»Wtt±B© J: 5 ftWH*Sr»IHi-5fc 
*»fc-rr.t^pftB4cMOS h?v^^*J:t;-to 

[0 0 4 8] 

[^j®*fif»-rs^a?>w^©] *^^aig*3Sife 
KDNMosm^xx/mKoPMosmmc, zti? 

tlB®£th1t, Sl^NMOS 

COPMOS Y5>*J*9k. ffl(SB¥«frS««>aBrt»C 

^ftH6^2 0NMOS^*5ctI/»2^PMOS« 

«lc, -tix-PiiEKStifc, f 2WMOS Y9>*Jx 
^«W»2©PMOS h?v^^tSrflB*., ffilfem 

2CDNMOS b7>^^^*5J:^|S^2^PMOS h 
7>-^^tt^H^g1ll2^10NMOS H9^^* 
*5j:tf9tlfB|glOPMOS h^V^^ctt) t>Kjf£®E 
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COMOS h7^^fcot, «TK35lCONMOS h 

7^^, ffJieglieoPMOS hy>i?x*#±XM 
f2&2<ONMOS h^>-^^«:, ffiTE¥«#£K0& 

[0 0 4 9] *^KlC«5IS*^2|S^O^^a 
fl* 8fllB®2COPMOS h?^**^ ttne^2(DP 

mo s^<^sfiie^frS«o^®±ic^«)i-EK* 

titty- mmmts m&v- mm&±\zm®zthit 

[0050] *%mcftzm#m3&®<D¥m&mw 

[0051] *%w\c%z>m*i%4 ft®<D*mftmm 

[oo5 2] ^^»c#5ft^5ia«(D^^ao 
*m&m&<D&mft\c, si^NMosf 

7y^***Scfctf®l CO PMO S h^V^^SrJg^ 
Zfr&<Dmi<ONMOSffi®&&Xfmi<DPMOSmi> 

®JE#iiSV>^2c9NMOS h y * Z>1t#> 
O»2ONM0S«ijftJ:^ ffllBSHcOPMOS 

^^*J:9 t»f^a£EdSiftv^2©PMOS h7>-^ 
* * SrJ&frf Sfc»G>* 2 co PMO "S«««rfc£1-ai 

e(a)t, ttcsiioNMos«««j:tniinefBiop 

MOS««lc*loy-h|ft|WBISr»rtu 1»iEfS2co 

NMOS ®«*5 cfc t««B* 2 OPMO S Wtt£ttBJR 1 

coy- hftORJ: 19 t>9^£ 2 coy- hftftKtJMtT 
SXS(b)£, »2<OPMOS««c7>SiH2^#S«<0 
rt icjt® WffiSfio P 5 XS 

(c)t, i(riB®i^J;r;®2<oy-hifaiS«[±ic, 

1-*xe(d)<t, Wf2^i<oPMOSffi«oS(rffi*¥« 
=^Klco^PS!^l««7SrH:«SE»ii5iaaT^A1" 

UT, «rtB#10)NMOSfiWk friemicoPMos® 

ttfB»2©NMOS««*J:W«HBJB2 0PMOS 

[0 0 5 3] *38Wlc«6K**6E«o^#«Sco 
9 v^**:fc.i:tfSSicoPMOS h7^^^Mt 



5fc*<0& 1 ONMO S^J&fccfcU^ 1 CO PMO 

«r«JSU HfJiS&lcoNMOS h7>i?x*£t) fcs&fls 
aflE*JifV^»2©NMOS h7>^**£7g/£-f 
CD&2CONMOSfWE*5«fctf, 8tjf2gll<OPMOS 

^^Sr^1-S5t^com2coPMOS^$rS3£^5X 
S(a)t, fltll5^lcONMOSa«^J:U^IB»l(OP 

MOS«*gEte»l©y-hJfta«4r»rtU flttlB^2co 
NMO Sfitttt £tftfrE$ 2 CO PMO SffittlCfflTEfS 1 
coy- hJ&gdBIJ: 0 t>SCV^2<oy- hftMtrJMfcl- 
ZXmb)k. fB2©PMOS««OSWB*»fl:*tSEO 
^Ert icJtttMffiSft o P XS 
(c)t, «B*l*±tJ«2 0y-hl6«R±^ 

S5IB^l<ONMOS^«, *rtB»l«>PMOS« 
8WBfB2 0NMOS««*3iWWHB*2©PMOS 

^wsssaco^Kojggr^Ar§xg(e)i:, wie# 

¥ttfir>y a^KSrfflVvt* aWB»l<ONMOS««, 
SMB»lG>PMOS«fc SWB»2 0NMOS««feJ: 
U^IIBM2coPMOS®«ic^n-?ixy- h®ffi*r^j£ 

u L^fc«nBiBi«>PMos««icjgriisii*y-h 

*Wc, PS^««9Srit«WiiS»a£<o»2coi8«-e^* 

[0 0 5 4] *»W»H«5»*^7IB«co^#:iJScO 
SSJ^ftW:, ilWBra<f>#. ttE#Wti|{/9ayR 
ay^tfcSl:, BfifSSUcoPMOS 

**&18firr5y-* • KW^OlRWfc ttBIB 
loPMOS««lc*«Lfc8WBy-h««l^ Pffl* 
*B»SrttlB»2©SI«t?»A-raxaSr^A/-ev^§ 0 

[0055] *§mK**nM8tm0*mwmmv> 
m^mn, wiBxs(f)^ ^fESgicopMosti* 

«)»B****S/y=«^W^ PS***^£lftI5f&2<0 

[0 0 5 6] *»MJC«SIS*«9IB«C0^^|S(0 
SBfrtfifcHU ffiBiff l 0ft£#fflEJB 2 <o»&£Jl±-?& 

So 

[0 0 5 7] *»M«Cffi5SB*3Sl oia*co^^@ 
0»JS*tttt, «FlBXS(e)d«, BUIS^ICONMOS^ 
Sflia^lCDPMOS^ftE, «rf5S2CONMOS^«c 
*3ilWIHBJB2©PMOS««<OiMB*¥«*^y 3V 

[0 0 5 8] *»^JC^^?S*^ 1 1 E«<0^»«:3gH 

L^^lc, ^Jgfiteco^^vatAlcJ:?), «i«T,©«HE 

y- h««(o«iffi^*<oKiiB*«#s«<oSBrt^ i » 
com ^ ^ r 9 xm ( g ) Sr $ e> tcta 

filBXg(g)>&s, Mi2^ijoj:r;S2(OPMOS® 

*lc»«4tifc, ^rtt^ttcoflEy-hfSffi^ttA^^ 
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% ti^ti 1 *t<D Pix^fy^a^ £ 5 IS 
«r&A/"CV>5 0 

[0 0 5 9] 2E«<0*£#£H 

«riaia(g)^ ««a»ioPMos««ic«rts 

OPS!:**;*^:/^ y@5rMIB^ l tf> PMO Sfltto 

So 

[0 0 6 0] 

[f89Jtf>l£JStf>7gfE] <A. 3fej!W>»»l> 

<a-i. mm%&>*mw\c&zmm<Dmf&i<D*m 
wmu<omm^mtLx, si^s^irm^x, cmo 

S Y9>*J*9 1 0 0 A*3<J;U<CMOS h9W*9 1 

o o Bfc^a^WfrWoJEtirtticov^TiMHi- 

So ft*S> {£SE*fJS<£>CMOS h7^^ 1 0 OA 
*5iWi5SEE»lS:©CMOS h 9 1 0 0B« 

[0 0 6 1] *1\ S i ic*-r J: o ic, i/y=3VSfii 
Oco*ffirtm«^«S|6»K2 OtmttlcJMtl/C, 

JgmflENMOS h^Vi^^&iUH&SJEPMOS 
> 9 £r JBfiR 1- 5 EH JBE N M O S ft L N R * J: tffi 
aBEPMOSW^LPRSraS+Stirfcfc, S5®ffiN 
MOS h7V^^*J:t/ii5mjEPMOS h 9 
*»rti-*K«ENMO R*5 £tfH5®E PM 

OSS«HPR^f^ 

[0 0 6 2] *LT, ffi1BBENMOSlH#LNR*5*tf 
Wtl)EENMOS««HNR»C*K£:tT % ^JaySSl 
0O*Brt^Pffl5F«4fcSr^^*rp ^vffiisfcPWfc, 
ffim£EPMOS^«LPR*5ii;ii51ff PMOS9KH 

So 

[0 0 6 3] SfetC, i^^gfil 0±<D(£®ENM 
OS®^LNR*5j:l«£®JEPMOS^LPR±<D± 

iHd&4 l«r»riW-5. 3/ !> =» v£« 1 0 ©KfifiE 

NMO SflttHN R*5 £VmW£PMO SftJ&H P R± 

[00 64] ^r-C, y-Mfe»K4 3 

>»{bR^«0& JMWW o . 5 - 3 n raSffl £ ft 5 Jl 5 

KlWfcSiV MMUR4 2tf>J?£f^>!> = y»fUK 
^<r>mHgSHfi 3 - 1 0 n mgft ft 5 J: 5 



So 

[0 0 6 5] *LT, glC^fc&^^^S^MOS 
h 5 j/$** 9 fcJBjfrr 5&1EEE P MO S ®igcH P R |C*3 
1*5$/ 9 =*>g«l 0*>*ffirtfc* Pffi?F*B*Sr-f*v 
aA(cJ:0W:«W(6aa (P~) KfcALT, ffiSg^F 
IfittJi 3 0 SrJBriW-5. ft*3, Hlicfcwrtt, ^XK 
Kg (7^hyy^77>f) lcj:5/^-^v^«t0, 

i§5mEEPMOS^HPR±W^S:U^ h"v^^R 
1 1TSV\ K^PMOS««HPRfcPfi*lfitt«r 
-Yd-V8EAUTV^5«ltt«:»Urv^5. 4*5, fiftapF 
*S»Jl3 0ti:, (B) &5V^r7y|k#nV 

(BF 2 ) Sr>f*yttA"r5rfc-e«rtSii5. 
[0 0 6 6] 0 2 XgUl&l >T\ Vjay 

S«10tf)£®tt:, CVDi£U:£!9JP£ 50-30 On 

m(D**j»fii/!>=i^K5 0SrEIW-5 o 

i/ y 3 5 0 fl, ^^i/i; =3^foSv^T^/v7r 

5X l o 20 ~l x l O 2 Vcm 3 0>»&"C£A/Cl*5. 
[0 0 6 7] g]3lC^Xmi-^^T, ^XKiiR 

KJ:S/^-~v^K:.i:'K fiBEEPMOSWLPR 
l.USM&i'Vx h-?x?R 1 2"0Bi\ ®m£EPMO 

S«*LPR±0*»8fi^9 OfcBfcS^f* 
BF 2 ^©PS5FW»Sr^*v8EAUT, P5to#3M£ 

a^y^^soBWtSo ^^co-r^&A 

*#HU BO^F*. SfeA**^*— IkeV-lOk 
e V, K-Xfii x 1 0 16 -*1 X 1 0 16 /cm 2 Tfc 
0, BF a ©#&tt, aAx^-5keV~5 0k 
eV, K-Xilxi0 16 -lX10 l6 /cm 2 tfc 

5&S& 5 t>IHi-r t 5** KR«S *i5. 
[0 0 6 8] h^^R 1 2Sr»*U^a, 04 

KS-rijic. #¥tt»$/yay«5o*±tw¥i&fc 

^»avB5 0 BtrVXaUKlcj: 9/<^-^.v^i"5r. 

tX* fiSEENMOSfl|«LNR|i:*3V^rtty— h«K 
5 1Sr, ffi®EEPMOS^LPR(c*5^Tlty- 
ffi5 3«r, »«£ENMOS««HNRj3j;WiftttEPM 
O Sf«cH PRI^^Tft^ h»g52 *r«WW-5 0 

[0 0 6 9] * LT, 04 ic^-r J: p lc, ^KSUiSlcJ; 

5/<^-^V^IdJ:9fi«EPMOS««LPR±«f|5K 
KteWTs h^^^R 1 3t , av^, y-hS®5 

3SraA^^^i: tt, ffimffiPMOS^LPRtC* 

oPffl^«»*^*vafeA«c,tOitttWfi»A (P") 

IC^ALT, lWOai^^^vS/g^Jle 2 
So CO<bS^^vaA^ft«, B<0^&«, ttA^ 
^yW^r-0. lkeV-3keV, K-XS5X10 13 
-lXloVcm^O, BF^ft aA^* 
/V^lkeV~10keV, K-Xi5Xl0 13 -l 
x 1 0 l6 /cm 2 -?fc5o 

[0 0 7 0] l*fcoai^^xVi/3 VJ§6 2liy- 
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m5 3(DTU(Oiy]) nvSfil 0O®«Srffl^#EA/-C, 

CDTSSO^y l 0^®$#^*/i^JsSift 

So 

[00 7 1] ::-c, x^r^a^ 
ft£**«Wg?&!K y-* • K^y±558«-S 

[0 0 7 2] 0 512, &mmZ3L?Xy">*sayS&1& 

R*5<tI/^affiNMOS^HNRCO^!; 1 0 

(D&ffiftlctt. tig (As) ^CON^M^S:, Jt&tt 
ffiSS (aA*-*^— o. 2keV~10keV > K 
-Xilxi0 l4 -2X10 15 /cm 2 ) -e^ALt, 

fl5®EPMOS®^cHPRC0>>!; n^S^l 0(D^®rt 
tci *) it&ftflSSS (P") lc^AUTl»^^^^ 

Af£#tt> B^fj:, aA^A^-O. IkeV- 
3k eV, K^i5X10 13 -vlX10 15 /cm 2 -C 

keV, K-Xi5X10 13 -lX10 15 /cm 2 Tfc 

So 

[00 7 3] 1»C0^^^7 1 >'^3^6 4«:, 

[0 0 7 4] B5I4, V-hmmS 1, 5 2*3j;tf5 3 

owssr«a-tsfc«>^fflis«SK k»*- /his 

[0 0 7 5] H6lC*1-lSfc*5^T, 
OX ltf^— h£&5 1 > 5 2*5±tf 5 3 0fflJ«fiRO* 
WR5J:5IC* y-htB«5 1, 5 2*5<fctf5 3C0±§P 

vm-fcflJfcfeLT* «B«BUB 7 0 

y-hsisi, s 3*3it;ffiii^«SK7 0"effl 

[0 0 7 6] ftlC, H7^-rxsi^v^r^SKKEi- 

J: 5 '< * - > ? I C £ 0 {£ ®JE P M O S ffiigc L P R ± SB 
PMOS^gtLPRlC, B$>^^flBF 2 ^<DPS!^tt 



<oy-x- KKyja 25r^i-So 

[0 0 7 7] ^o^^^tyiA^ BCD|§<& 

IS, aA^/W^r- IkeV'vlOkeV, K-X& 1 
X10 15 -lX10 16 /cm 2 Tfc^ BF 2 (0®^fj:, 
aA^^-5keV-5 0keV, K-XffilXl 
0 15 -1X1 0 16 /cm 2 -Cfe^ o 

[0 0 7 8] H«<Diafcj;iK ftofiMEfcfcy-;* • 

[0 0 7 9] S8ri, #ffi«i^y-^ • KK^i^ 

$Lfcl&&£^LT:fc'K (SiffNMOS®SELNR*5 
J:t/il5®ENMOS^HNR<D->!; sygfil 0tf>^ 
ffirtfctt* As^(DNS!^*fi^S:lt^Wii5fia (ttA^ 
^/K-lOkeV-SOkeV, K^XflxiO 15 
-6X10 15 /cm 2 ) I^ALt, l^y-^' K 
^^migS l&£V8 3t>mf&£tl, &UEPMOS 

^J§EHPRtf)f!J ^ySKi o^aiBrtfctt, Bfc£V* 

ttBF 2 ^(DPM^*fito^it«JWfi»fitC^ALT, 1 

^y— * • 4i>w&£tix^z> 0 
[0 0 8 0] :<D^#^ty4A*fKi, bco©^ 

tt, aA^-^/V^— Ike V~ 1 0 k e V, K^-Xfi 1 
X10 15 -lX10 16 /cm 2 -CfoD, BF 2 C0#a-^ 
aAx^-SkeV-'SOkeV, K-XflXl 
0 15 -lX10 16 /c m 2 -C£>6 0 

[0081] #ci^ a 9 ic^-rxeic^v>r, => 

£Ki 0<D±m&®i X^lzastfrh (Co) «oKitk 
jSAJBKSr^y^y :^tt«W:J:D*jftU 350- 

y-b®S5i, 5 2^J:t/5 3<DBWffitli5l»« 

(CoSi 2 ) 9 0S:Mtt, fitff^OCMOS 
Yyl/Ws* 1 0 0 A^Jz^SJE^OCMOS \y 
1 0 0B^#btl5 o 

[0 0 8 2] <A-2. 3SE«*>H9»C*5V^r, *Itf> 
ii^^ir^/H!OPMOS h7V^^Hil35mflE*f^O 
CMOS byyiSx* 1 0 0B^*>V>T^E®$tl, 
{Sm^NMOSglAgcLNR, j3±T/ifi[«ENMOS«* 
HNR(C*3V^I1> $Bft^SONMOSh7y^ 
^^*5^Stt, <S®JiPMOS^4JcLPRiCi3V>T 

il, SB^-r^yv^PMOS h^v^^^fig^tv 

[0 0 8 3] <A-3. ffffl»»>^«r*/m3SSra» 
iSIBJE»i£<OCMOS h7^^ 1 0 OBlcfci^ 

pmos h7y^^M^f t*/Hi:t5 
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So 

[0 0 8 4] jS$®ff*t£<DPMOS YyW*$ 

ffilfgtt (NBTl) <Di&T<D*jm&hhZ1>K 
[0 0 8 5] i^®JE#j£tf>PMOS h7^^ 

[0 0 8 6] fl5UE#J^(0PMOS h7^^ 

[00 8 7] ±t(0MOS h7^^^y-h 

bmm&Bmcft?<D-e^ y-* • 

®*s, *^i£RRfcSV^>!;i^ KR 

[0088] <b. %m<om^2> 

<B-1. ffili§*&>*«W{c«-5l|J6^?Bffi2C0^ 
#»Bo«Ji*Ki:b"C, BlO^Bl3$ffl^t, C 
MOS h 7 2 0 0A*5j;t;CMOS Y9> 9 Jx 

a**, fissttftocMos >?y^# 1 o o 

A*5iVS5fafl£*fJtS^)CMOS h7^^ 1 0 0 BO 
S h7^^ 1 0 0 A*5j:^mJE^OCMOS h 
[0 0 8 9] *1\ Hl*5J:WH2*fflV^TfttWLfcI 

eSrST, IS l -0R:*i-J:5K» ^y^xS«io±co 

ffi®JE N M O S fijg L N R *S <fc t«S «JE P M O S « 4£ L 

PR±o±ffiK:y-H6»R4 1 Sr. *fc, iSSflENM 

O S«*HN R*5 AtfKWE PMO S ffi&H P R ±±® 
fcy-Mfi«R4 2*#J*U iSiEPMOS««HP 

[0 0 9 0] ^LT, y-M6»R4 l*S<fclF4 2 0± 

ffllc, CVD»lc:J:9**»fis/y ayR5 0ASr«dl 

[00 9 1] % UT, 12) 1 0 ^i-X@lC^6V>T > 

IBKfcJ:8/<^--v^te i t 5, fiUEPMOSSiSL 

P RiflJW hv^^ R 2 1 TSV\ ffilfENM 

OS«*LNR, ii5taENMOS^JBcHNR^<t^tS 



JEPMOS^WcHPRK:, ])^ (P) ^eoNSWFJfctefc 

-r^^ttAur, Na©##tt*^!;3ya5ocft» 

jfc-TSo Z<Db£<D'< 3j-^£A&#tt; N aEA^^/i/^- 
5keV~30keV v K—XJfc4 X 1 0 1S ~ 1X10 
l Vcm 2 -C&5 0 

[0 0 9 2] l/^h^^R2 1»*L^ HI 

lfc*-t\fc5fc, #*tt*^y3^R5 0A*3j:t«P* 
»Si/JayR5 0 Ct^MHJKfc J: D^-^vy-T 
SrfcT, ffi©EENMOS^&LNRK:^Ttty--b 
®ffi5 4«r, <S«JBEPMOS^LPR^V>Triy- 
h8S55«\ SSmffiNMOS^HNR^cfctJ^5®E 
PMO SRttH P RK*5V ^C^y- h®ffi 5 6 ZBtfL-T 

So 

[0 0 9 3] H4^H6Sr«v^rKWLfcXSSr 
gr, ^^^^^^3^6 1-6 4 5:^1^, y-h 
©J15 4, 5 5*5j;tf5 6<BW8*«Ri-*fc»*>flK 
«SR (*>f K«?*-A««R) 7 0«r»jjM-*. 

[0094] * LT, 0 1 2 fc»1-XSK:i3V^r**R 
IRKi*'**— ^vyfcj; !9ig;mjEPMOS^ScLPR 
±»K#«r US** hv^^R2 2-CBV\ y— h 

«£5 SfcJztWM&ft&R? 0«rttA^**& LT, <£ 

«EPMOS««LPRICB*>4V^ttBF 2 *OPS^ 

♦HbSrttHttKRftfc-f^vfifeAt, vy^ygfiio 

[0095] r©fc#©**:/ttA*fMu B<om& 

iiAx^;^- IkeV-lOkeV, K— Xft 1 
X 1 0 15 -1 X 1 0 16 /cm 2 tfc!); BF 2 G>tfr&tt, 
aAx^-5keV-50keV, K-Xflxi 
0 15 -lX10 16 /c m 2 "Cfc6o 

[0096] **5, r o^ic N j y—-?<oY- b mm 
5 5 \cn y—x* v^^yms2tmcpm^nmm 

A£*v MW5 5 t a ySfi l o t (Ott*B 

So 

[0 0 9 7] aft, H8«rfflV^ttWLfcxa*ftT, 
KK yg8 1> 8 3, 8 4 4rJgj«-fS 0 ft 

fc\ y— * • Kwy)88 4 0»«icBLttt, i§5®BE 

PMOSg«HPR(^y- h®^5 6lCPffl^F>E1fe^W 
A*tt«*. KSEEPMOSRljEHPRlCftV^THt, y 
6SrNfilC«oCiWa*U>0"C, 010 
iC^-t-xa-CNS^FJ**© 4Xl0 16 /cm 

lc*5V^TW: x PS!^FiW^(DK-Xfi:Sr4xi o 15 cm 2 
JE*T£*fSo ft*. P (y^) o*-^ N B (#py) <t 

^«:So 

[0 0 9 8] y-^ • Ki"f vJlojMKftlc, 

[0 0 9 9] ScIC, EI 1 3 lC^i-XSIC*5V>T, '>!)3 
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Vgffil 0<D±m*mo (Co) ®<D& 

Mfo&mm&xstytyyymmz 350 

~6 0 0 < CcojSM&3®|::J;9 x >>y a OcoBffl 
5/y-INf K{b$hricaofcK»jft^KS«rR£ 

u *t>KHjk*aa«rf?5ri-e, a^f-vyiM kr 

(CoSi 2 ) 9 0Sr*j*Ur % fi«E^OCMOS 
h 9 2 0 0 A*5j;T/ii5mjE»lSOCMOS h? 

2 0 0 BftMlbftS. 

[0 10 0] <B-2. &ff*?j£>Hl SfcftVvC, m 

cocmos h^:^** 2 0 0 Bic&i'vro&ERg 

tl, ffiSJENMOS^igcLNR, *5<fc tfHSSffNMO S 
fiMcHNRfcjSV^tHU $ffif-Y^S(ONMOSh7 

ftttEPMOS««LPRlC:|8^ 

[0101] <b-3. tt%%)%:>^*smm%mib 

^ K&E$tJ&<D CMO S 2 0 0BK:tev> 

T> PMOS Y9Vi?*9*WV&ty9- J t*ASgLh1r* 

So 

[0 10 2] *fc, i§mJE#J£tf>PMOS 
««tt (NBTI) (0fiTOpTfBttt>*>5^ (6®jE2t 

tt«TOHUit>fir 9K<v\ 

[0 10 3] *fc, iSBflEWlSOPMOS h7^^ 
[0 10 4] (SSflEaM&OPMOS h7^^ 

ex^oy- hm«^o3pw«»Att, 0 1 o&fflv*TR 

K u-f ^JB»jftB*0*|*»<DWA*»& LTfr 

[0 105] <B-4. J*W>Bl0tffl^TR«L 

fc^F«*ttAKiJ:6Na!©#¥iSfti/y ^ygsoco 

»rtfc»LTtt, S$ (N) «*tf, ftAa*^ 
-3^20keV, K-Xf 1X10 15 -4X10 1B / 

4o«rt«ric»A**tapa5F«* (::^n^) 
[0106] a**, a*ottA*#«t, y-* • kw 

^®8 4 <0»j»i*|£»A**i4 Pffl^tttt J: 0 , 



[0 10 7] Sfc, a*S:»A"rar NMOS h 
[0 10 8] <C. HJSWgffi3> 

<C-l. «Jt*tt>2|s:5IWlc«smfio^ffi30^ 
fr^S^Kit^fe^: LT, Hi 4-B2 Ifcflivc, C 
MOS h9>&*0 3 0 0 A*5j;tfCMOS h7^ 

* 3 0 0 BSr^i-S^WfrSfiB^JBS^ttfcov^TttW 

ft*5* fttE»ft©CMOS b7>i?*fi 3 0 0 
ASS <fcOTB5SE#J£tf> CMOS h7^^300BW 

HiHB9£ffl^TRWLfcfi^#JS©CMO 
S Y9>i?*9 l 0 0 Ajsj;WS«JE»JEtoCMOS h 

1 0 0Bo»3t*fttrac«rt^ov^rwtiRi 

[0109] *-f , H 1 *5 <fctfH 2 Srfflv^-CRW LfcX 
fiaflENMOSfil«LNRd3j:l«K«JEPMOS««L 

PR±©±ffitey-H68W4 l«r, A5SJEENM 

OS««HNRfeJ:t;BtflEPMOSfl|«H P R±£B 
Ky-h»W4 2tr»J«U S«EPMOS««HP 

[0 110] *LT, M£Hdg4 1*5*1*4 2<E>± 
CVDttlCi 9 y nyi5 0A« 

[0 111] Jfcfc, Hi 4lc^i-xe^v>r v ^KK 
BKJ:S/<*— -v^lcJ: ffiflffiPMOS^L P 

R±gP<O^Ui^^ h-7^^R3 l-CffiV\ {£®JENMO 
Sfl«LNR % igmffiNMOS^#HNR:fc£tfii5fflffi 
PMOS^HPRtC, P*©NSl^FI««S:>f*VttA 

ur, Nio^Mi/y a^K5 0ctr»*t*. r 

30k eV, K— Xg4 X 1 0 16 — 1 X 1 0 16 /cm 2 

[0 112] h^^R3 1 «r(fc*Lfc«, HI 

<t9> <£UEPMOS^LPR±gP^SrU^ 
^^R3 2-CSV\ fiajEPMOS««LPR±0*¥ 
JSftVy 3^15 0 A(CBfeSVM^BF 2 ^E(DP®^FM 
feSr^^VffiALT, PS^*¥^ai/y ayis 0D 
Srfl?fiK-rSo 

[0113] r©it^*yftA*#tt, bcd©^ 

ftA3i-*A"¥— IkeV-lOkeV, K-Xfi 1 
XlO^lXlO'Vcm 2 ^^ BF 2 <D®*&\*^ 
S&>aL*A,*f— 5keV-50keV, K— Xfi 1 X 1 
0 16 ~1 X 1 0 l Vcm 2 -C$>So 
[0 114] h^^R3 2Sr»*Lfc«, Hi 
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tf#¥ISfl V V =* VJK 5 o D±tf>£ffi£rS 5 J: 5 

(Co) *©JSiBLSAJlJ»«:^^y*y v^tt«Efc 

f-W KR«r#riM-« 0 S/J-lKf KfcSJvffcR 

■C, a/</uhS/yiJvf KR (CoSi 2 ) 9l«r»ril1- 

So 

Ntt, =/<a> h y kr 9 1 (D&mmt 

So 

[0 116] fcfc % eh 7 fc*rxa«c*wt\ 

fctKla/^h^P^-f KR9 1**1*5^ 

NMOS«#LNRfc*^Tt*y--h««5 4*, iS® 
EPMOS««LPRfci3V^"Ctty-h«tt5 7Sr, K 
tENMOSa*HNR*J:tfiltffPMOS««HP 
Rfc*VvCf*y-hSffi5 6&7&&"r5 e ft*, £TcD 
h«*©±»fctt3^h^91h>f KR9 l*<fctf 

[0 1 17] aft, B4~B6£fljV^TK»!LfcXS«r 
jgT, x^^fy->3yl6 1~~6 4SrJgj*U 

nms*, 5 7*5j:V5 6©«asr«R-r5fc«>©«a 

«S»RR7 0Wt=i/</kh^5^ KR9 1*5±W 
*>y 3^fSfbRSNOftl®!Ct)^Stu-5o 
[0 118] 01 8K^X8te*5V>"C*K«RR 

ttfiUt-fcU'S';* h^^R3 3-CSV\ y— 
115 7, 3/<^h*/9t*f K19 1, '>!)3yIMS 
N«^j;MI«7 0 £&A^** fc LT, 
fiftEEPMOSffl«LPRfcBfc*V^W[BF 2 ^OPS! 

0£>^fflf*j|Cl#(Dy-* - KWyf8 2Wt 

So 

[0119] cofct©-f*yftA*#tt, 

ft, SA^^/v^ IkeV-lOkeV, K-Xfi 1 
X10 1B -lX10 16 /cm 2 -Cfc»), BF 2 ©8^tt, 
aAx^-5keV-5 0keV, K-XflXl 
0 15 ~1 X l 0 16 /cm 2 rfoS o 

[0120] ^«oxatc j: ^ % m<ommzi> y~* • 

KKy§««o ft*, y-~* • fk^« 

[0121] @i 9Ht, **«lcy— * • Ku-f y®* 

»jfttfc«JB«T*U-C*5 9* fi«ENMOS««SLNR 
^Jlt/ilSSJENMOS^ilcHNRO^y =»>S«1 0tf> 

*fflrtlctt, As«ONa7MHto$:ltttttXRtt (SEA 



— lOkeV— 80keV, K— Xfi 1X10 
15 -6X10 15 /cm 2 ) IC^AUT, l*ftf>y-*' 
FK>18 l*£tf8 3jWBj*S*v i^mJEPMOS 
•HHPRO'/J ^yifil 0<D£ffirtfctt, BfcSV> 
ttBF 2 «©Pffl^»B*S:it«ttffi:««lcWALT, 1 

#tf>y-*- KKy@8 4jwej8s*iT^a. 

[0 12 2] ^^co^itX&A&ttr*, Bco#-& 
te, SA^^yV^ 1 k e V- 1 0 k e V, K-Xft 1 
X10 15 -lX10 16 /cm 2 tfc^ BF 2 (0g^tt, 
aAx^-5keV-5 0keV, K— XflXl 
0 15 ~1 X 1 0 16 /cm 2 t*fc5. 

[0123] 020 lC*rrX8fc*^T, y a 

VS«1 0<0±lB«r«5 J:5^=«^h (Co) *?0>ii5 

iB^JRR*:^^y^y^yft«?lcJ:0»rtU 3 50 
-6 OOlCtDilSM^StcJ;!!), > V a VSfi 1 0 ©Bffl 

B^Ki»^JBR^(Z)^tt«f55>lci/y^>r KRfc»*r 

s e ft*, 3/^h^yf--^ KR9 i^±^(c^i/y a 

va{bRSNds^sttTv>ao"c, sfefc^y f--r k 

R#»fifc ^51^: #05jfc $ ft So 

h^y^KR (cosi 2 ) 9o*mtitrt6. 
[oi2 5] mmc «-y- hmm±(o^v 

f, ffimJE*tt£<DCMOS h7^^ 3 0 0 A*£tf 
BtEm^CMOS h?^** 3 0 OBtmbtl 
So ft*, #y-h««±©^y a^affcRSNSrlfe* 
iirflC»U 02O^iMCMOSh7y^^3O 
0 A*£tf3 0 OBi: LTfc&l^ 
[0 12 6] <C-2. 3£B«/£>0 2 lfc*lvC, M 

ftMft^SoPMOS byyiSx*\*ftn&ttfc 

©CMOS h7^^ 3 0 0B|C*V^<P#.Ef££ 
ft, ffitENMOSflULNR, * J;W«BENMO S 
W«HNRlC*V^Ctt* *ffift*^ONMOS h7 
>^**]Wgj*£ft, {g®EPMOS£I$cLPRK:*V* 
Sffift^^PMOS h7^^«J 
ftTl^So 

[0127] <c-3. **/i>mm*m*> 

^ S5HJE^OCMOS h7^^ 3 0 0 Bi£*V* 

T, PMOS h^y^^^a^^^-r^Sir-rs 

So 

[0 12 8] ii5®ff^i£(OPMOS h7V^^ 

M^tt (NBTI) <DfiTO-iT«ttfcfca*S, fiffiJEM 
^CDCMOS h7>^^lC*lN-C«Sff 1 b^<, ft® 
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[0 12 9] i§fBJE#l£WPMOS byisi?** 

[0 13 0] £fc> ffiUEtt&OPMOS byls*J*9 
SkWf- hSffi^^F*fife»A«, 0 1 4 *5 HXfi® 1 

[oi3i] <d. %m<oMm4> 

<D-1. «jg*&>*^^S^(0^ffi4(O^ 
^ffl^K^ffit LT, 0 2 2-02 6*fflV>T > C 
MOS h^i^** 2 0 0 A*5£t/CMOS h^^^ 
* 2 0 0 B it*1-5^^a<D|a3g^i£^OV>T|ft^ 
■f5o ftfc, ffi®E*t£<DCMOS h7^^200 
A:fccfct^®JE#j£cDCMOS h7V^^ 200BW 
«J*tt, HI 3|Ci3V^"C*Lfct>OtlSI-T*>S. * 
It, 01-0 9^ffiV^TIftWL^{£®E»JE£;OCMOS 

h7^^ l o OA&Jzu^m^tt&ocMOS by 

1 0 0BO3KjS*«6tWt«*lCOV^TW[|at 

[0132] *1\ 0 1 isaxm 2 *jb^tkw ufcx 

SSr&T, 0 2 21^-^^5^, i/V=*>'&&l0±<D 
ffi«ffiNMOS««LNR:teJ;tm^PMOS««L 
PR±<&£Elcy-h|ft|»R4 l£, iSSflENM 
O S «H N R *3 <fc xmWSE P M O S ffl& H P R ±±B 

lcy-M61HK4 2tr»rtU iSiflffiPMOSSSEHP 

S3 0M«, 

[0 13 3] -t It, y-hj^K4 i*5j:tM 2<0± 
SPIC CVDifetcJ:9#*JSfii/»3^H5 0ASr^ 

[0 13 4] *LT, 0 2 2 iC^-flCBICft^Tt 

IWfcJ^'^-^vyteJ:!), fitEPMOSSWJL 

PRittO^I/^ hv^^R2 1-Cav\ fitJENM 
OSflWELNR, ffi«EENMOS««HNR*5«fcWS« 
EPMOS«#HPRfc % P^f^Nfi^UttSr-f^^ffi 

alt, Nao^jsavyavRsocsrjurici-a. 

~30keV* K-Xi4XlO 15 -lX10 16 /cm 
[0 13 5] U*Jx hv^^R2 l«r»*Lfc«, 02 

5r^-C> fi«ENMOS««LNRfc*3V^Wty— h 
®«5 4£, <£©JEPMOS^LPRlc:io^"C«:y- 
h«tt55«r, ii$mJENMOS®$HNR:fc£tfii5^ 
PMOS^HPRiC*3V^r«y- htt&5 6Sr^fi£i" 

[0 13 6] fcfc, 02 4lC^-TxeiCjoV>T, 



JK^J:5/^-^v^|c±9KiaENMOS«ttHNR 
Rfc*5ft6^y =*>S«i oosifti:, As*s£t;p 

9Jt®tt{£iR£ (N-) K3JALT, lttco^^xv 

^ava6 3*agriii-s. cot 

IS, A s (Dm&t*. &A^*^- 10keV-200 
keV, K-XS5X 1 0 ia ~"5 X 1 0 7cm 2 tfc 
0 , Ptf>$§£i3:, ftAx^/u^- 10keV-50ke 
V, X 1 0 n -5Xl 0 14 /cm 2 -Cfc5 o 

[0 13 7] 02 5fc^rXg|C*3Vvt\ 

JKiC J; V^IC i 0 <&®JENMO S^JsSL N R 
±BHsWUJr US** h^^R4 2-CBir\ *fc % y— h 
m®5 4SraA^^^i:Lr, fi«BENMOS««LN 

>F*fi^S:^^^i£AtcJ:l31t®WfifiS (N") lc*A 
LT, l^x^^f^3y@61*M«o ceo 
£ # <0>f *>ttAftf*Ht, SAx^/V^- 0 . 2 k e V 
-lOkeV, K—XJI lX10 14 -2X10 15 /cm 

[0 13 8] 0 2 6 lC*-tXSIw*5V^T, ¥MS 

JiRfc iS^-^^yiC ± OiSSffiPMO S««L P R 

±SiS:fc J: t;fl5mffi P M O S ftlcH P R ±»£il^ Sr u ^ 

h^^^R4 3-CSV\ 4fc, V-bnmS 
6£&A^*^£l/t, f£SffiPMOSMi§£LPR*5j; 

ufflSUEPMos^HPRic^tts^y = >ks.i 0 

aAlci:OJtSWffiS« (P~) KlALt, l#0>:n 
^f^g 2*5£tf 6 4 **ft«x«J*-*-a. 

^r-lkeV^10keV, K—Xft 1X10 1 X 
10 16 /c m 2 -Cfe 5 , B F z (Om^Ht, aA^*/^- 
5keV-50keV, K-Xil X 1 0 15 -1 X 1 0 
lfl /cm a -C*S. 

[0 13 9] SkT, 01 2*3±tfHl 3$rffiV>Tia^U 
fcXS^rST, 01 3fc^fittBE»rt;oCMOS by 

2 0 0 A*5<tUt^mJE^COCMOS 
^^ 2 0 0B?r^5o 

[0 14 0] <D-2. ^ffl^m>*llifeO^C0©ig 

£tf5 6£ftA^**£L-<\ fiSEPMOSf«LP 
R ^3 ± P MO S ^«cH P R id^ott ^> > V 3 >g 
«1 OOSBrtl:, yj%6 2&£Xf6 4 

[0141] -ftet>*>* ii5mffiPMOS®^HPRIC^ 
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ir^S<tf? <>/]>$< fta 0 

[0142] *<0&$k s T<D>f- h&m&^<D$L 

ttttffiTLft<ft£ 0 ftoT, ffi@ff*t£tDPMOS h 

t>, *yh*t!)7Btt^ NBT I WttaW<£fc>*v* 
ri*4v^ ^*7^>s ^Ji6 2*<fctf6 4£ 

[0 14 3] ft*\ 03 9-04 7«rfflV^BWLfc« 
^^/^•Cfo 0 ^^"C, 4MOS b 7^**0)®* 
4@3g<E>MOS h7^^^CO^^ftfCtt4(Hl(03i 

S*3/4K:8iJ«LfcrtU:ft* 0 

[0 14 4] ft*, *5llffic0^ffi(D$!t3g*ft«:, CMO 
S h7^^2 00A*J;t/CMOS h7^**2 

0 0 B Sr«r d¥«»KB^>aGft#&»:9^ Lfcflfc* 

Uytd^, CMOS h7^^ 1 0 0 A*<fclfCMOS 

h7^^ 1 0 OBSr^fra^frSSBoRJt*^ 
SfcCMOS h7^^ 3 0 0 A*<fctfCMOS 

3 0 0 B Sr^r-rs^frKHwSBB^ftJciBffl 

[0 14 5] <E. HJ6<D^ffi5> 
<E-1. »3t*jS6>#3BWlcffi5|lllSo}BIB50*» 
***Ojea*tti: LT, 0 2 7-02 9£ffll^T, C 
MOS V9>*J*9 4 0 0A*£T/CMOS h9>&* 

* 4 0 0 BSr*-r*^»#36jSoJl3S**lcov>rttM 
*f5 0 ft*, eSEE#JSG>CMOS h5^#4 0 0 
A*£tfifffBE#£tf>CMOS h7V^^ 4 0 0 B<D 
flWitt* »»lSSrKW+SH3 0^*v^***i*. 

[0 14 6] Sfc, #*16<D«j|R<0«it;frfcHt, 02 2 

1-6. 

[0 14 7] 1"ft;b*>, 0 2 2-0 2 5£ffll^TlftlflL 
fclSSr&T, ffilffiNMOS««LNR*J;t/iff«EE 
NMOSflWEHNRlC*»S^y 0 CD^ffif*J 

fc, Zti?ti*9X7 i yi/a>fB6 l*J;t;6 3«r#J5fc 
Lfc&, 02 7fc»-flfite*tvt, ^JCKJKlcJ:*^ 

* - n y >f\Z £ ffiSffi P M O S ffitt L P R ±ttH# ft 

&A^**4LT, ffif^PMOS®J&LPRUl*#* 
i/y =>^£iKl OO^ffirtlC, B*>5VM2BF 2 3ScOP 
ffl^««W*yftA»cJ:OJt«tt««* (P-) 
ALT, ltt<D*?XTysa V® 6 2 MBA-ftS. £ 

-IkeV-lOkeV, K-Xf 1 X 1 0 1B -1 X 1 



0 16 / c m 2 -Cfe 0 , BF 2 <£>4g-&tt, ttA^/^-5 
k e V— 5 0 k e V, K— Xfi 1X10 l5 — 1 X 1 0 16 
/cm 2 *Cfc5 0 
[0148] £*T\ 0 1 2 «rfl WOMB 
T, 0 2 8 ftp-f-J: 5 <S«BENMOS««LNR, 
itffPMOSt^LPR, iff©ffNMOS®&HNR 

*«tWftBEPMOSfiB«HPRK*»ai/y aVSfi 

1, 8 2, 8 3*«fctf8 4«rJBj*i-a o 
[0149] ft*, 028 iC^-f J; p (SiffNMO 
Sf«LNR, ffi®EEPMOS^gcLPR*<fctfiff®JE 
NMOS«#HNRlC*V*Ttt, ZtlZtllftto*? X 
7^3^16 1, 6 2*.fct/6 3£:f LTV>5#, iff 

m£EPMos^HPR{c*^rri^^^7 i v^3 vji 

[0 15 0] £AT\ Bl3«rffl^rRBLfc3»t8 
T, 0 2 9[C^i-{gaffi^C0CMOS h7^^4 
0 0 A*<tt^ff®E*fl£:(0CMOS YyyJ^f 4 0 0 
B £f^<5 0 

[0 15 1] <E-2. 3gfi*#>0 2 9fc?S1\fc5 

tC, iffmJE^fJCS^CMOS h7^^4 0 OBtDPM 
OS h7yi?x?&m&&^**sl'MXh>). 
xV^s yB*#SftvM8fifcfcfto-0*a. 

[0152] <e-3. ftm®%>*mi&<nj&i&<Dmfe 
zmzxtitt, mm&ftfc<DCMos hyyvx? 4 0 

0BC0PMOS h^V^^Ktt^^V^H 

[0 15 3] ^CD£5Ul, x^^ryv'g 

h9 V^**4 0 0 B^PMOS by 

[0 15 4] -fftfr^v ±1&l»5i*^-r*/VS!(DPM 
OS h9V^#K*^Ttt, 0 2 9lCjjrf«J;5fc, p 

ft < x tjEjfr^^vBf^ra r 4 #-e* 5*»e>-c**. 

[0 15 5] ft*, 0 3 9-04 7SrfflV>T!ft^Lfc^ 

^^yv^-Cfcoyt^-c, ^frMOS hy yz?x?<DM* 

4SSC0MOS h7>i?X?<DMf$.<Dft#>lCft4\B}<Dx. 

e«r 3 / 4 lcB«J« U7t r. 4 \z ft -5 0 

[0 15 6] 

iciixtf, ^2coPMOS Yy>V*9<D7ti>m#>iL7* 
: ?**;\'%L<DMOSYyV ; ?7s9XhZ><r>X, ^-^^ 
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^***5j;u^itf>PMOS h7>^**#&B^* 

[0 15 7] *»MIC«-5»*:]a2|B«<0^»flcKfilC 

#^*a«rtttfc»jas*b* »2^PMOSh7^ 
* * Sr«[*lcffl»a*^«t *A« £ f S C £ # £ 0 
[0 15 8] *»WlC«-5ffll*3S3ffi«(0^#»aiC 

[0 15 9] *»Wld«St»*«4E«(0^«:SSS^ 
S2OPM0S h^vf h®ftfSN 

[0160] *ftw\z&zn*m$fcm<o*mw&w.<o 

[0161] 4:»niCfi(«n«S8|QttO¥«f(:SE|KO 

S2copmos h 7 y ^ wy- h ®S^(0^^ 
[0 16 2] *«Mlc«S!S*3S7Ea<o#^^it(0 

w&j?mz£ti\is mi^PMos h7v^^(oy- 

[0 16 3] *»MIC«5!S*^8ieao^^®^ 
»3S*jSfe»cJ:Jitf, Sl^PMOS h7y^^<Dy- 

"0, y— *• K^^B*lSi*(0^tt*o^AtJa&U 
[0 16 4] *»MI-«S8S*«9ie^co^«^Ho 



vMi®ESr ©JfflJ-T 5 Z. t So 
[0 16 5] *£93lcfiiSII}*3l 0lBtt4>¥$#£B 

OSS« % ^2<DNMOS®$:fc,fctfS2<DPMOS® 

[0 16 6] *8H£fl(Slft**l 1 1B«<D¥3«*§$B 
«rt**tfc, «tix^tt(oy-h«ffiSraA^^^tL"C 

[0 16 7] *»MIC«S»*^1 2B«<D¥$#«B 
WjKfi#«fcK:J:*ltt, *l<DPMOS««W&*3ftfc 
y-h«ffi*aA^^^t UTffifflU l*t*>PS^ 
W a xJB S:® 1 CD P MO S«tt<0fflrfB¥3tfr&K 

<Dfc#co:/u^*£BiJ^TtSo 
[■BeflWftKH] 

[a 1 ] *&m\z&zmm<o&itii 1 ^^ft^gco® 

i£xa£^-f»rB0-?feSo 

[@2] *&w\c&z>mi&<D3&m 1 0¥#fl%B0>si 
[03] t&mwA&fmimm 1 a>¥«#KB<o» 
m 4 ] *»^ic«siiifeo?g^ 1 i>*mm&ui>m 

[0 5] *8Hlcflt£3glto7!MI 1 OWHWKBOM 

[0 6 ] &%tt0»tt 1 o¥9(i«flioai 

[0 7 ] 1 otifrgl^l! 

[0 8] #38Wfc#£»8<B«ffi 1 <0^flcKE<0» 

igxe^-rwffiig-cfcSo 

[0 9] *»^^6HJfe<D?B^ l o^#|SB(0S 
5Sxa«r«1-»rffiH"e*>«o 
[010] *»Wlc«5HJfi<0^ffi2O^«:§gS(0 

»jixas:*"*-»ffiiat**>a. 
[011] *xm\znzf&njen2<D*m»mun 
«axa«:*i-WBSH-c**. 

[012] k« s 3ii£co jg<& 2 <d^»#»b<o 

»3txa*«11RB5B-efc*. 

[013] *&mzKz&tenjem2<D*m#&w<o 

«iixaS:^i-WrffiH-C*>a. 
[014] *»MldffiS^lS(Z)^fS3 0^»^S<D 
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jetxa * » mm -ehz>o 

[015] *5B«jc«5*Jfi^flB3 *>*mm&wn 

[017] *»MJc«5Htt^ffi3iD^«:«®<0 
[01 8] #»Wlc&5l|]ffio^l£ 3 *>¥»#SSB«> 

Mixa**-™™-?* 6o 

[019] *»nic««%lKo»tfl3^9(t:KK«> 

[020] *&w\c&z>mm<DMm3<D¥mftmw<o 
m&xn *7jk~rm as 0 t *> * . 

[02 1 ] *«W(^5Sllifi©*ffi3 0^#^g(D 
»6xa*S+«B5B-C*>6. 

[022] *%w\z&zgmomm4<D*mftmm<o 
[023] #3sni^siiigi<D«fli4«>¥9fNSB^ 

8tfgxa£^t-»rffi0-Cfc5 o 
[02 4] ^Ricfll«jHliOVji4 0¥«(KBBo 
«3fiXSSr*i-WrffiH"C*S. 

[025] *%m\ztoznmv>mte4<o¥m#&m<D 
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